Due to their efficiency, revitalized traditional techniques for irrigation management of scarce water resources have been suggested as a way to at least partially cope with the present water crises in the Middle East. A better irrigation management includes re-using treated wastewater in agriculture. Treated wastewater should also be used in industrial processes, thus contributing to a more efficient overall water management. However, the most important change leading to better water management is improving water efficiency in agricultural irrigation. Traditional water management techniques have an important role in many Middle East and North African (MENA) countries. Besides bringing more water to a thirsty population, they can also contribute to the societal awareness, and recognition of the great diversity of cultural and social values water has to human civilization.
Introduction
The Middle East and North Africa (MENA) is the most water-contested region of the world. The United Nations define that a nation is under severe water scarcity if the annual available water per capita is below 500 m 3 . It is estimated that in 10 years from now, the average available water in MENA will have declined to 460 m 3 per capita per year (Tolba et al. 2001 , Nima 2008 . A major reason for this is population increase. It is estimated that by 2025, the MENA population will be approximately 470 million people. By that time, the urban population will be almost double the rural population in that region (World Bank 2007) . To further aggravate the situation, climate change is expected to result in more erratic precipitation and recurrent drought, and to increase scarcity (Brown and Crawford 2009, Tolba and Saab 2009) . In particular, food production is in jeopardy since about 85% of freshwater withdrawals in MENA are used for agriculture (Barghouti 2010) . Higher temperatures, and lower and more erratic rainfall would, in turn, imply greater salinization risks and less productive agricultural land. Most recent assessments have concluded that arid and semi-arid regions are highly vulnerable to climate change (IPCC 2007, Brown and Crawford 2009) . In all, it has been estimated that there is a risk of up to 50% decrease in food production in MENA by the turn of this century under the present water management (Tolba and Saab 2009) . The impact of increased water scarcity can create severe complications for existing peace agreements and on-going peace processes, and pose serious challenges for new agreements, as well as decreasing local agricultural productivity leading to higher global food prices with an increasing risk of politicizing the issue of food security (Brown and Crawford 2009) .
The water future undoubtedly looks grim for MENA as a region. However, as noted in the World Bank (2007) report, hydrology is important, but institutions and policies determine how well countries can manage their water. Loss in food production can be balanced by import of virtual water. Allan (1997) notes that the MENA water deficit started already in the 1970s, and that cereal import (virtual water import) took off from that period and is expected to increase as the population increases. Thus, water insecurity may not necessarily imply food insecurity. Even so, regions that suffer from political instability and tension may experience climate change and water shortage as another factor that is building up tension within and between countries that share water resources and political boundaries. For example, Tropp and Jägerskog (2006) as well as Brown and Crawford (2009) note that climate change could increase tension and worsen conflicts between the Occupied Palestinian Territories and Israel. Sharing water resources between countries is going to be politically more difficult in view of drought induced by upcoming climate change (FoEME 2007) . Water resources in MENA can definitely only be managed jointly, since almost 80% of surface water resources and 66% of total water resources in this region are shared (Elasha 2010) .
A major part, about 85%, of MENA's renewable surface water is already stored in reservoirs and lakes, and more than 70% of total renewable water is used (World Bank 2007) . Groundwater is often withdrawn at an unsustainable rate and many regions in MENA have experienced dramatic groundwater table decline during recent decades (e.g.
CONTACT R. Berndtsson ronny.berndtsson@tvrl.lth.se Hashemi et al. 2013) . In fact, along with the population growth, water resources for food production are exposed to severe stress and have become an important topic for science and politics as well as for the general public in these countries (Mader et al. 2015) . A typical example is central Tunisia, where rainfall is insufficient and unreliable: recent studies showed that, over a decade, farmers have been faced with a continuous increase in costs for irrigation. The groundwater drawdowns resulting in increases in energy costs primarily affect small farmers. Eventually, this category of farmers will permanently lose economic access to groundwater resources (El Ammami et al. 2015) . In contrast, intricate traditional water management systems in these areas were based on a detailed knowledge of available water and erratic rainfall, and were the backbone of some of the oldest and most developed ancient civilizations in the Mediterranean area (Prinz 1998) . A wide range of indigenous techniques can still be found in areas with annual rainfall of between 100 and 1000 mm and with a population density varying from 10 to 300 persons per km 2 (Prinz 1995) . These traditional methods played a much greater role in the past: extensive investigations reveal that ancient farmers in the Middle East cleared hillsides to increase runoff and built rock walls along topographical contours for rainwater collection, and ditches for its conveyance to lower-lying fields. Obviously, these techniques have no significance for the major part of water resources in the MENA already stored in reservoirs and dams. However, marginal water can be harvested using these or modified techniques and allow for replenishment of over-drafted groundwater tables.
The on-going water discourse in Tunisia does not exclude the impact and adaptation to climate change. Indeed, it becomes crucial to assess the vulnerability that evolves over time and specify policy measures to be undertaken. Hence, there are great needs for improving the regulation and adaptation of the incentive system, and increasing the participation of affected communities. It is clear that future strategies cannot rely only on the development of irrigation schemes. Particular interest to store and conserve water in the soil is gaining more and more momentum in the semi-arid areas of Tunisia. The consideration of small and average-sized hydraulic structures, green water, integrated management of natural resources, and other improvements has characterized the themes of many recent water seminars and courses in the area. We cite as examples the Third International Conference Water-Climate, 2014 (http://eau-climat-maghreb.net) and the brainstorming workshops on participatory planning of regional development programmes and water conservation conducted by the Tunisian Ministry of Agriculture and Water Resources (MAWR) in collaboration with its national and international partners.
In view of the above, it becomes obvious that classical techniques for water management have shown their limits. Thus, planners try to establish other more effective instruments in order to both preserve the resources and ensure social equity in access to water. For this reason, it is necessary to address different scenarios (or policies) to provide planners with help to take the appropriate decisions. In line with this, the present paper discusses the survival of some traditional water management techniques in the MENA region and the potential role these may have in a rapidly changing society. Our aim is to discuss ways to rehabilitate these systems and to utilize them for managing marginal water and recovering the groundwater table. We argue that to rehabilitate these systems a new socio-economic structure is needed. By using case studies from Tunisia in particular, we discuss and try to outline what the social context of such structures could be.
Water and food security in MENA
Since the public uprising in the so-called Arab Spring in 2011, many MENA countries have been stuck in political turmoil (e.g. Wessels 2012c). It has been speculated that the spark that set off the Arab Spring was related to climate change and increasing food prices (Friedman 2012) . Johnstone and Mazo (2011) argue that climate change acted as a threat multiplier in the Arab world, exacerbating environmental, social, economic and political drivers of unrest, including drought, water scarcity, food security and migration. They foresee that this will continue as the MENA countries are in a process of transformation and change. Werrell and Femia (2013) contest that climate change caused the revolutions that have shaken the Arab world, but suggest instead that the consequences of climate change are stressors that can ignite a volatile mix of underlying causes to erupt into revolution. Similarly, Sternberg (2012) found that drought led China to buy wheat on the international market and contributed to a doubling of global wheat prices. The resultant price spike had a serious economic impact in Egypt, the world's largest wheat importer, where bread prices tripled. Thus, the analysis suggests direct and indirect links between natural hazards, food security and political stability at local and global scales. ElNaser (2013) argues that water shortages in the Arab countries are the root of the region's instability, both locally and regionally. Further, it can be expected that in coming years MENA citizens will witness further manifestation of unrest due to water impact on food supply. Even though there are no region-wide data available on the relationship between present climate change, water shortage and civil unrest at different scales, Syria, for example, experienced an influx of climate refugees from the drought-hit northeast region of the country to urban areas such as the capital Damascus (ACSAD 2011), and it is not difficult to see that food shortage due to climate extremes might have been a contributing factor to the uprisings.
The revolts which rose in North Africa and the Middle East can also be explained by the inequity in sharing natural resources, poor governance and environmental degradation. During the last decades, water resources strategies in the MENA region have prioritized large hydraulic infrastructures over traditional water systems (e.g. Sethom 1992 ). Moreover, authorities have acted regardless of local participation and aspirations of all stakeholders by transferring water from one region to another, creating wealth in specific areas and impoverishing others. They have displayed neglect to involve society in the water sector and considered decentralization and local governance as administrative issues rather than a political process (Jebari et al. 2015) .
The Tunisian state has implemented a policy dedicated to the agricultural sector in the context of five-year plans for economic and social development carried out by the Ministry of Agriculture and Water Resources (MAWR). The first development plan that included agricultural policy was carried out in 1962. The latest plans are the ninth (1997-2001), 10th (2002-2006) and 11th (2007-2011) . However, when implementing these plans structural constraints in terms of organization and coordination are often observed. In fact, the organization of the central administration in branches with defined department responsibilities (Commissariats Régionaux au Développement Agricole, CRDA) in each governorate sometimes promotes diverging development actions affecting the water sector. Thus, instruments are generally prepared and implemented by various central or regional offices, each with its own agenda so that difficulties in advancing actions occur. Obviously, a more integrated and accepted approach is required to achieve a common goal for sustainable development. According to the French Agency of Development (Agence française de Developpement, AFD 2010), the limitations of the Tunisian agricultural and rural development model are due to the increasingly strong pressure on natural resources leading to degradation to the point of irreversibility and the capacity of the ecosystems.
Structural constraints are also observed in the reduction of recruitment by the public service to the Agency of Agricultural Development and Training (AVFA) and the CRDA, and the non-renewal of contracts on staff retiring leaves vacancies in many Regional Development Offices (CTV) and Regional Agricultural Centres (CRA). The CRDA which represents MAWR cannot properly fulfil its regional role. No professional structure has yet been identified that can fill the possible role of the AVFA and gradually implement planning over the next 10 years. Finally, in the reforms envisaged for the next period, there are administrations that still do not exist in Tunisia (e.g. management centres), while other functions do not exist in large numbers either in Tunisia or elsewhere (e.g. remunerated agricultural advisers). There is virtually no information in Tunisia on how to initiate the design, management or operation of the management centres, while the CRDA is required to create many in their areas of action (CNEA 2006) .
The general mismanagement has forced farmers to leave their land for other sectors (e.g. tourism and industry), thus abandoning small-scale traditional hydro-agricultural systems. The abandoned water systems have led to unattended flood situations and increasing water erosion (El Amami 1984 , Ennabli 1993 . In retrospect, these strategies can be considered as a poverty vector for the rural society. In general, the rural society is suffering from unemployment and underemployment, and the rural exodus is accentuating regional imbalances (Jebari et al. 2015) . Consequently, a major challenge of today is how to re-involve the rural population in water management. In particular, agricultural and rural experiences with participatory development approaches are rare and with rather limited success in Arab countries.
Traditional water management systems
One of the oldest traditional water systems, the qanat, goes back maybe more than 3000 years (Wessels 2008 , 2012b , Semsar Yazdi 2011 , Angelakis et al. 2012 . Dug underground tunnels are used to carry water by gravity, sometimes for more than 100 km, from mountain areas to the irrigated plains (Lightfoot 1996 , Foltz 2002 . The tunnels, usually 50-80 cm wide and 90-150 cm high, still remain in use and, in Iran alone, comprise more than 273 500 km. The qanats were part of a socio-technical system (Buneh) that was well adapted to manage scarce water. Today, however, the social system is different and in many places the qanats are no longer functioning. In any case, the system for water transport was spread over large areas. The main challenge for qanats is that the systems are falling into disuse and are being abandoned at a rapid pace; thus they are not maintained regularly as young people leave irrigated agriculture in search for livelihoods other than farming. Aside from socioeconomic reasons, geophysical factors, such as climate change, over-exploitation and earthquakes, can be identified as reasons for abandonment of the qanats. However, despite many challenges, the qanats are now being reconsidered as an option for social development and conflict resolution in situations where the systems still exist and where conditions are adequate (Wessels 2008) . Contemporary examples of socio-economically and technically successful international renovation efforts of these ancient systems can be found in Syria, Iran, Oman, Morocco and Iraq, where international organizations such as UNESCO, the International Organization of Migration (IOM) and various governmental institutions, at local and national levels, have been working together to rehabilitate ancient qanats that are still in use by farming communities (Wessels 2008 , 2012b , Semsar Yazdi and Labbaf Khaneiki 2011 , Walther 2011 ). These recent qanat rehabilitation efforts have demonstrated that working together closely with the rural communities can contribute to community development and conflict resolution. The rehabilitation of qanats has also demonstrated that, besides the conservation of a world heritage, both tangible and intangible, and preservation of an active traditional knowledge, it has helped to halt urbanization and migration from rural to urban areas (e.g. Wessels 2012).
Runoff agriculture and rainwater harvesting are well known since ancient times and several techniques were developed to guarantee crop production in marginal desert regions (El Amami and Chaabouni 1981 , El Amami 1984 , Ennabli 1993 , Nasri et al. 2004 . Traditional runoff agriculture has been practiced for more than 3000 years in arid and semi-arid regions of Iran. At present, between 450 000 and 800 000 ha of Iranian deserts and dry areas are estimated to be covered with flood irrigation farmlands (Kowsar 2011 , Mehari et al. 2011 . The systems can be classified as micro-catchment and macro-catchment flood irrigation. Micro-catchment flood irrigation is a method to collect surface runoff from a small catchment area and store it in the soil root zone of a contiguous infiltration basin, in which a single tree, plant, or crop is planted (Prinz 2001 ). Micro-catchment flood irrigation for fig trees has been practiced for thousands of years in the Estehban and Neyreez plains, Eastern Fars Province, Iran, where the average annual rainfall is between 250 and 300 mm. In this system, water for irrigation can be harvested directly from rain, or diverted from ephemeral rivers to the field. Fig trees are growing in individual run-on basins covering about 26 000 ha in Estehban (Kowsar 2011) comprising 2 million trees of different species. The trees are planted on various topographical features (Masbah et al. 2011 ) such as wide hill areas with slight slopes. The runoff is collected from the slope and diverted through channels (0.5-0.8 m wide and 0.3-0.5 m deep) built perpendicular to the slope. Along the channel at every 2-3 m a fig tree is planted, which benefits from a small pond around it during surface runoff. Each pond is connected to the neighbouring pond on both sides through the channel, and these are arranged in units, whereby each unit is 100 m 2 . Alternatively, on hills, instead of channels, earth bunds can be built perpendicular to the stream. Water trapped upstream of the bund allows a similar arrangement of 3-m-wide water-collecting ponds every few metres in which fig trees are planted. In flatter areas, terraces are built instead of channels and earth bunds, in order to provide a flat planting area for the trees. Each terrace accumulates sediment and traps water, which fills the 3-m-diameter depression around each tree. In the case of an ephemeral stream, several conveyor channels are used to divert water to the trees arranged along the river. Along each conveyor channel, 3-m-diameter ponds are connected to each other.
In macro-catchment flood irrigation, runoff is diverted from hill-slope catchments or ephemeral rivers to the farmlands located in the foothill or plain areas (Prinz 2002 ). An example of macro-catchment flood irrigation is the 'khooshab', an innovative traditional system applied in the region of northern Baloochestan, southeast Iran, where the annual rainfall is less than about 150 mm. Built to optimally utilize flash floods generated from torrential monsoon rainfall during summer, the khooshab is constructed on ephemeral riverbanks so that floodwater is diverted to irrigate areas of 1 to 10 ha. The most favourable location for khooshab is plateaus, flood plains, flat valleys and valleys between hills (Ghanbarpour et al. 2007) . In this system water can be stored for 10-20 days in one field. Depending on climate conditions, the field can be used for 3-12 months to cultivate wheat, maize, vetch, barley, sorghum, pumpkin and date palm. Summer crops are grown with the moisture conserved in the topsoil. Wheat is planted in autumn, when there is sufficient precipitation. Knowledge on the khooshab is handed down from generation to generation. Their benefit depends on the local characteristics and climatic situation. Furthermore, the khooshab generates 10-90% income for the maintaining families (Hosseini-Marandi 2005) , whereby the yield rather lies in the higher numbers. The use of khooshab enables the production of two crops with one flood. Besides flood irrigation they function as a flood mitigation and desertification control mechanism, and increase productivity in rural areas. This form of sustainable development prevents people migrating towards cities. Today an estimated 6900 ha out of a total 12 000 ha in northern Baloochestan (57%) are actively used for flood irrigation through khooshab (Hosseini-Marandi 2005, Ghanbarpour et al. 2007 ). Khooshab as farm-pond-based water management have had an enormous impact on the socio-economic situation, increasing agricultural production and employment. These systems have been adopted in areas of similar climate. Nowadays, this system is used by several communities under support of governmental organizations and NGOs (Ghanbarpour et al. 2007 ).
In the northeast of Iran, near the southern border of Turkmenistan, another traditional system is practiced. Due to the arid and semi-arid conditions, with annual rainfall of 200 mm or less, and a lack of groundwater resources, Turkmens invented the 'sowma' system, a rainwater harvesting system for domestic and agricultural use (Sheikh et al. 2012) . Application of the sowma for agricultural use is another example of a macro-catchment rainwater harvesting system. The sowma is built in flat, wide U-shaped valley beds, and consists of earthen bunds arranged between two opposite hill feet, with a rectangular shape in the direction of the valley (mainstream runoff) and a maximum slope of about 10%. The bunds are 0.5 to 2 m high, and are positioned 20-100 m apart. The area between two bunds is used as cropland, ranging in size from 100 m 2 to 1 ha. The bunds are built in trapezoidal form, whereby material from the nearby hills is used. The earth bunds are compacted through machinery or using animals. Additional gently sloping spillways are built on one side of the bunds across the surrounding hills in order to avoid destruction of the bunds through leaks or erosion (Sheikh et al. 2012) . Due to recent droughts and floods, local authorities are trying to combine modern technology with these traditional methods to optimize the crop production. Sheikh et al. (2012) found that 80% of the people find sowma profitable. However, 90% would invest in new sowmas, if they were to receive technical and financial support from the state. Although construction and maintenance are seen as obstacles, 86% asserted their readiness to keep the systems maintained in case of governmental support (Sheikh et al. 2012) .
Another example from Iran provides ample evidence that traditional water management can be combined with modern technology to increase water supply and rehabilitate the groundwater table. Livestock production in Iran has traditionally been controlled by nomadic tribes practicing transhumance. Nomadic pastoralism and transhumance are adaptations to seasonal variation in water and vegetation availability. To have the summer and winter quarters in two different regions creates balance and is a sustainable use of the arid ecosystem with scarce natural resources (Hashemi et al. 2013) . The policy of national integration of nomads in order to develop the country economically, however, has forced nomads to settle in the vicinity of villages and towns. This forced tribal people to change from being herders to becoming unskilled farmers. In many cases natural shrub-land was converted into farming land with no surface water and scarce groundwater resources. This led to over-extraction of groundwater by illegal pumping and to economic and social disaster with no increase in agricultural production (Tapper 2006 ). In the Gareh-Bygone Plain in arid southern Iran, resettled nomadic tribes applied dry-land farming on the extremely poor soil. This together with inadequate water resources management caused severe desertification in their new habitats. When the groundwater table reached the bedrock level and water resources were exhausted, they started migrating to nearby cities to serve as temporary workers (Kowsar and Pakparvar 2003) . Together with other areas in Iran this caused mass migration of nomads toward urban areas. To further aggravate the situation, desert soils with poor vegetation cover induced a number of destructive floods in the area. The situation improved in early 1980 when the government became aware of the impact of mass movement of nomads to the cities. A government sponsored project designed a floodwater harvesting system to artificially recharge the groundwater and to irrigate the soil. The designed system uses artificial recharge and spate irrigation as a technique to combat desertification and rehabilitate the water resources and rangelands of the region (Hashemi et al. 2013) . The system was first established in 1983 on an area of 1360 ha and then extended to about 2100 ha in 1995. During 30 years of operation of the system, it was estimated that the recharge amount varied from a few hundred thousand m 3 per month during drought periods to about 4.5 million m 3 per month during rainy periods (Hashemi et al. 2013) . As a consequence of floodwater harvesting and artificial recharge, the irrigated farmlands increased from about 130 ha in 1983 to about 1200 ha in 1996. It is also estimated that there are about 1000 ha of flood-irrigated land using this system that can yield between 700 and 2000 kg/ha (an average of 1400 kg/ha barley), with less than 150 mm annual rainfall and one or two flood irrigations (Kowsar 2011) . The system serves 395 households and a total population of 2173 persons who have been potentially benefiting from the project (Ahmadvand and Karami 2009) . The residents of the Gareh-Bygone Plain are mainly nomads who traditionally practiced transhumance and rain-fed farming before the project was established. Almost all have now converted to farming and irrigated agriculture (Ahmadvand et al. 2011 ) and the project has significantly enhanced the livelihood of those nomads who became farmers and, in general, has changed the unproductive marginal land into a productive agricultural area.
One of the main challenges for the maintenance of qanats and other forms of traditional water management is the rapid over-extraction of groundwater and illegal pumping. In Iran as well in Syria, over-exploitation has caused a rapid decline in groundwater levels, which in turn has resulted in the drying up of qanats and eventually their large-scale abandonment. In order to rehabilitate traditional systems, a joint effort is needed whereby potentially unsustainable modern technologies, such as pumping, and traditional groundwater extraction methods based on gravity, such as qanats, are integrated in a national water management plan that balances and recharges groundwater levels. The Government of Oman has started to implement this kind of policy over the past decades and this has resulted in 35% of its total national agricultural water supply being provided by aflaj (qanats), and heavy investment of the national institutions to maintain and conserve Oman's traditional water management techniques (Ray Norman et al. 2008 , Al-Ghafri 2011 .
In Tunisia and the Maghreb, traditional runoff agriculture flourished during the 13th and 14th centuries with the introduction of Arabian-Persian and Andalusian agricultural knowledge (ILEIA 1986) sour' and 'meskat' (El Amami and Chaabouni 1981 , El Amami 1984 , Ennabli 1993 , Nasri 2004 , Jebari et al. 2015 . These systems still partly exist in Tunisia and have developed specifically depending on topography, geology, climate, history and social organization of the rural population. On the plains in Central Tunisia, floods were used for controlled inundation of agricultural land. This was a complex and organized system of floodwater farming introduced by Arabic people who brought this idea from Yemen. It required specific hydraulic structures, while management and maintenance were organized by the farmers themselves in so-called 'foyers' (ILEIA 1986) . Since the beginning of the 1990s, traditional systems have been restored in Tunisia. The Tunisian government encourages new rainwater harvesting areas and farmers tend to restore or extend traditional runoff agriculture areas (Floret et al. 1995) .
The jessour is a pre-Roman traditional runoff agricultural technique that is practiced in the south Tunisian arid mountains (Ouessar 2006) . A stone wall across a steeply sloping wadi bed collects water and sediments from the upstream collection area and the formed terrace is planted with vegetables, palm and olive trees. The annual sedimentation is 10-12 cm in a catchment area of a few hectare. It is estimated that these systems are still being used in southern Tunisia, covering more than 300 000 ha, and constituting the basis of the entire economic activity of the area (Jebari and Berndtsson 2013) . The main problem is how to manage their continued maintenance in a new socio-economic context.
The meskat is another pre-Roman Tunisian water harvesting system. At present, the meskat supports 10 million olive trees on over 200 000 ha in Tunisia. The upstream collection area is divided into two parts. The most upstream area of the slope (meskat) is kept bare and serves to supply runoff water to the lower plots of the slope (mankaa) to grow the trees. The system was developed for arid zones with an annual rainfall of about 250 mm. It allows infiltration of about 75% of the annual average rainfall. Sharing between the owners was done according to proportionality between the area covered by trees (number of olive trees and their catchment area). Managed lands in meskat thus constitute an essential element in the socio-economic and environmental balance in the region.
Tabias are 1-2 m dikes or stone enclosures on lower sloping ground that collect runoff and sediments. Tabias once protected the entire Plain of Kairouan against flooding. Tabias are efficient to increase groundwater and to retain sediments and control soil erosion. In the 1960s, many tabias were destroyed following a governmental decree. Today they are again constructed on a large scale using machinery. In addition, contour ridges, terracing and small-scale hillside dams are modern techniques usually managed by machinery.
Re-vitalized water management and rainwater harvesting
The relationship between farmers, professional groups and government institutions is complex. As mentioned above, the MENA authorities have often not been active in reducing the marginalization of the rural population. During the most recent decades in Tunisia, the introduction of a participatory approach in agricultural projects was mostly a way for the authorities to disengage from the heavy burden of water management. This resulted in a gradual withdrawal of the state's involvement in the maintenance of poor and marginalized lands (Jebari and Berndtsson 2013) . In general, this has led to a low commitment of farmers to user association groups. Consequently, farmers have often ignored re-introduced water harvesting projects on their farmlands and dropped their maintenance (Jebari et al. 2015) . This is obviously a resistance to the administration. Organizations established by the states or their agents for development remain suspect in the eyes of the rural population, which clearly displays that professional groups have failed to replace other forms of solidarity (community or family; Marlet 2013) that used to characterize Arab countries. The integration of professional groups and the involvement of farmers in the state policy remain limited, despite the changes in terms of legislation for community management.
Traditional water management systems are essentially socio-technical systems that can only operate within their proper social context (e.g. Balali et al. 2009 , Wessels 2012 . Thus, restoration of these systems is only possible with the renewal or retro-transformation of the socio-economic structure. A way to frame the possible socio-economic structure may be to use the water paradigms according to Allan (2005) . The traditional or pre-modern water paradigm was characterized by the traditional water management systems described above. The next paradigm was characterized by the industrial modernity that introduced large-scale water infrastructure often mimicking the industrial revolution in Europe introduced during the colonial period. The third paradigm has brought about a reflexive or second modernity since the 1960s and 1970s in the European and northern countries (the North). According to Balali et al. (2009) , the paradigm of reflexive modernity can be characterized (1) by the integration of traditional (indigenous, small-scale) and modern (scientific, large-scale) technological infrastructure, (2) by participatory water resources management in the form of multi-stakeholder platforms or water user associations, and (3) by its recognition of the diversity of cultural values of water. The reflexive modernity can be seen as fused with the environmental or ecological movement. Allan (2002) regards the North as having passed through all three above stages of water management. The South, however, and especially the MENA region, is still following the industrial modernity and is involved in large-scale hydraulic infrastructure. However, there are signs that the MENA region is transforming and changing, alongside the on-going Arab Spring, whereby a more reflexive paradigm can be observed with examples of initiatives of comprehensive traditional water management rehabilitation in countries like Morocco, Oman, Iraq and Iran. Most recently, in 2013, the International Water Association (IWA) put a genuine effort into rehabilitation of traditional water management systems in the region with their first international workshop on qanats in Marrakech, Morocco.
In the case of Tunisia, the post-revolutionary context is characterized by the emergence of a common reflection considering the participatory approach towards a sustainable management of natural resources. Several workshops, consultations and projects are being developed under the aegis of the MAWR. All these events reflect the current difficulties and consider the new major socio-economic and environmental challenges. Conservation of soil and water has always been an economic as well as environmental and social issue in Tunisia. In fact, this sector aims at supporting the fragile agricultural systems, to protect community infrastructure and recharge aquifers. It is worth noting that the Farmland Conservation and Management Department (DGACTA), which is responsible for this sector, provides management and land-use planning throughout different agricultural rural landscapes in Tunisia. It has adopted development approaches and moved from a sector-wide and technical approach towards a more integrated participatory approach (Ben Haha 2015). These approaches have been guided and supported largely by specific projects. Before the 1990s, efforts were based on the state's own resources. From 1992 to 2006, the national budget was supported by EU contributions (Strategies and projects: CES I, CES II and PDRIGRN). The cooperation in this framework has allowed the realization of water infrastructure (watershed management, hydro-agricultural works and traditional hydraulic systems), valorization of facilities (small hill lakes) and organization of beneficiaries (management committees). In this respect, some marginal land areas have seen some development such as access roads to local services. The cooperation with the AFD has allowed the acceleration of growth in the same areas of intervention by reconciling the improvement of living conditions of the targeted populations and the protection of natural resources in a process of sustainable development. In 2009, the AFD's involvement started through new directions related to land use and integrated watershed management. As of 2012, involvements of the DGACTA and several pilot projects were being set up with the assistance of funders. The basic orientation is the contribution to the development of rural areas through sustainable use of natural resources. Another contribution is the EU-supported PAPS-Eau project (Programme d'appui aux politiques publiques de gestion des ressources en eau pour le développement rural et agricole) that started in 2014 and will continue until 2016.
Many efforts have been undertaken in several established projects, a large budget spent, and the two strategies CES I and CES II have been applied in the field of conservation of water and soil (traditional hydro-agricultural devices). Despite all this, the degradation of the agricultural landscape persists, the water scarcity increases, agricultural production is limited, and the capitalization of knowledge remains low. The participatory approach has now become crucial while considering the organization, awareness and mentoring of beneficiaries. An "intensification" of the exploitation of developed areas and efficient recovery of collected water are becoming urgent to protect watersheds and agricultural areas.
It is clear that, following the Tunisian revolution, new needs have emerged. Specific priorities have resulted in a programne of agricultural development activities and a consequent organization of the population was born. Intervention is now framed by integrated natural resource management projects at the local scale. The current guidelines reconnect the contact with the people and involve them in a more important way. Moreover, they give future projects an economic dimension explicitly oriented towards job creation. The beneficiaries are involved in planning but also in implementation of projects. This approach contributes to improved appropriation of the works. It becomes crucial to better thinking and to measure the valorization of water and soil conservation (CES) works to optimize economic gains for the population and intensify the mobilization of natural resources. Future projects may also have the objective to promote and strengthen the capacity of local organizations and improve the living conditions of rural populations involved in contributing to the economic development of territories. Finally, there is a need to improve access to natural resources and increase household incomes.
Nowadays, the DGACTA is working on the implementation of the Third CES (water and soil conservation) strategy, which will be able to strengthen the capacity of local organizations, to improve the quality of life of rural people and to develop the agro-economic sector in general. In this new context of development, the choices and responsibilities of this department become richer by considering the diagnosis of the current situation related to the degradation of natural resources. Furthermore, the commitment of resources in new guidelines of business change proceed to a co-management, capitalization of research results in favour of the intervention areas, reflection on the development and irrigation schemes, integrated watershed management, research, and access to funds for sustainable development of agricultural territories.
As mentioned in the introduction, 85% of the MENA region's renewable surface water is already stored in reservoirs and lakes, and more than 70% of total renewable water is used at present. Thus, for the majority of countries in MENA there simply is not much water left for large-scale hydraulic infrastructures. We hypothesize that MENA countries will be more or less forced into the reflexive or second modernity stage whereby traditional and sustainable water management systems are becoming more and more important. However, due to the growing population and urbanization in the region, a return to the past is not possible and a new form of integrated water management is necessary to include both traditional and modern ways of water extraction that provide a sustainable future for a growing population. Balali et al. (2009) argue that, for Iran and the rehabilitation of qanats, the concept of multi-stakeholder platforms (MSP) (Warner 2007) could be a viable new social context for water management. Multiple stakeholders with different interests and needs regarding the water are to organize and arrange water use and conservation issues through cooperation. This also includes capacity building for collective learning and decision making. Balali et al. (2009) note that such water user associations are emerging in many Muslim countries. They further hypothesize that awareness campaigns based on religious principles could be a useful counterbalance to the mechanistic worldview underlying industrial modernity that lead to the undervaluation of and resulting waste of water. Positively, Wessels (2009) argues that cooperation and integration of the old with the new paradigms are the only ways to avert a deepening of the regional water and security crisis in the MENA region: various case studies at local level prove that actors can facilitate constructive dialogue and motivate people to work together. Jebari et al. (2015) note that a simultaneous consideration of large hydraulic projects managed by the state and hydro-agricultural systems that are the responsibility of the farmers would create a more sustainable agricultural context, a less vulnerable rural society, and better availability of the resources. Combining large and small hydraulic structures seems to be a must for sound development. This is in part a definition of a reflexive modernity and reasoning towards participatory water management, and recognition of the diversity of cultural values of water. This is probably a common denominator for all MENA countries. That is, a greater emphasis on traditional methods would allow for a larger part of the managed hydrological cycle to become green water (Falkenmark and Rockström 2006) . However, it has to be noted that traditional water harvesting systems are usually designed to serve small rural communities. Obviously, these may not meet the demands of the increasing urban population over the next century. However, demands can be more easily met by improved water harvesting systems using social and engineering knowledge and adapted with the indigenous knowledge of arid land farmers. This would also mean replenished groundwater tables, more water for agricultural production and better food security, as seen in the above example for the Gareh-Bygone Plain in arid southern Iran, as well as the successful qanat rehabilitation efforts in northern Iraq and Oman.
An example of revitalizing traditional water management and fusing small-and large-scale hydraulic solutions can be seen in Tunisia. From the start of the 1990s, the Tunisian MAWR launched a programme for constructing 1000 small hillside reservoirs in the northern and central region of the country. At present, more than 800 reservoirs have been created. These mainly comprise artificial lakes, created with an earth dam to store the water. Their capacity ranges from 10 000 m 3 to a few millions cubic metres of water collected in the catchments having an area of several hectares to a few km 2 . Small farming dams are built in selected areas to provide additional water access for livestock, irrigation and groundwater recharge, and eventually for protecting hydraulic infrastructures downstream to expand their lifetime. The small hillside reservoirs are commonly established in areas where annual rainfall is about 350 mm. They are located on upstream plains between hills in economically poor areas. They are rather costly relative to the water volume stored, but their socio-economic impact is important and their integration in the semi-arid environment shows possibilities for local development (IRD 2000, Hill and Woodland 2003) . These small dams constitute one element of the national policy of water resources mobilization. Their advantage is to stabilize the rural population and they provide sustainable water access through dry months that improves the ecosystem and the landscape. About 70% of the existing 800 lakes are meant for development of poor areas. They are used in complementary irrigation of an area of 6200 ha (fruit trees, vegetables and fodder). They also water about 100 000 head of animals (cows and sheep). Farmers living next to these lakes have integrated a new element into their mode of production by introducing the 10-times more lucrative market-gardening, compared to the traditional extensive cereal agriculture (Selmi and Talineau 1995) . Farmers benefit from the new reservoirs either individually or in the frame of a committee of management of collective interest.
Public policy and water institutions in Tunisia
In Tunisia, the Ministry of Agriculture and Water Resources (MAWR) is the supervisory authority that organizes the varying framework responsible for water management and the development of public irrigated perimeters (PIP). The ministry carries out studies and water mobilization work and manages large reservoirs. Furthermore, it promotes user groups in the field of irrigation, and develops and implements management tools for water demand in the agricultural sector. The present Regional Offices of Agricultural Development (CRDA) represent the MAWR in each Tunisian governorate. These offices have the human resources, engineering equipment, financial and legal means to ensure preservation of the water resources, watershed management, hydro-agricultural development, agricultural extent, financial incentives and approvals.
The Tunisian government did not intervene in the water legislative field until 1975 with the promulgation of the "Water Code", which converts the right to water into the right to usage depending on ownership. This Water Code, as amended and supplemented in 1987 and 1988, is the legal baseline for the ownership and exploitation of water in Tunisia. This was the beginning of a gradual evolution of institutions, marked by a decentralization of the state and a growing autonomy of organizations of water users. This code is being discussed, revised and adapted to the new Tunisian context (the latest version can be found at http://www.semide. tn). Legal instruments related to water are of different types, e.g. laws, regulations, planning procedures and arbitration structures.
The creation of CRDA in 1987 was intended to encourage the revitalization of the associative movement to support the management of water projects by the beneficiaries. Following this trend of decentralization, regulatory texts relating to collective interest associations (AIC) were revised in 1991. In 1999, these associations evolved to collective interest groups (GIC) under contract with the CRDA. In 2007, new regulations required the GIC to evolve into Agricultural Development Groups (GDA). The GDA undertakes other management activities related to the protection and exploitation of natural resources. However, the water management activities are predominant. Eventually, the state retained the maintenance, rehabilitation and upgrading of large structures (Al Atiri 2007) . People who use water from hydraulic infrastructures financed by the state have to join these associations (Selmi and Sai 1998) .
During the 1960s, significant public investments were made for the introduction of large hydraulic structures. This resulted in a significant expansion of public irrigated areas.
Water management was provided by the state. However, the state management has proven its limits especially when outages became frequent. Fundamental reforms in the water sector took place in the 1990s, the most important being the dissolution of all public offices-commercial and industrial public institutions-that were direct operators of public irrigated areas. The application of this policy of decentralization has been accompanied by a policy of creation of associations of water users. This new situation has led to the emergence of various strategies of alliances, conflicts and tensions for water management.
The regulation of the GDA professional groups covered three phases. During the first phase, the state took all costs related to the operation and maintenance of water systems and the wages of associated workers. The subscription rates were low, and farmers were reluctant to pay for their water consumption. The Board of Directors was appointed by the local and regional administration and the existing structure was purely formal. The second phase was characterized by a gradual decline of the state vis-à-vis these professional groups. The latter began to take on the maintenance tasks of the water system and the workers' wages. Their functions included the exploitation of irrigation infrastructure that was at their disposal, the setting of charges and the distribution of the total expenses for water. Among these groups, a quarter is regarded as efficient, half requires the supervision of CRDA, and a quarter is still subsidized by the state (Al Atiri 2007). The third phase, which ran until 2010, was marked by the award of mandatory maintenance contracts between the professional groups and private corporations. However, the board was still appointed by consensus with the approval of local and regional government, and operators still relied on state services. Institutional transfer suffers from a latent conflict between the administrations of the MAWR. The problem of coordination between the relevant departments at the regional level, but also at the central level, has complicated the relationships between farmers and formal structures. It has deepened the crisis of confidence between the beneficiaries and their structures of water management (Al Atiri 2007) .
Following the revolution in January 2011, the control of political authorities declined. The users have gained more freedom in terms of expression and claim. This is a positive development for the collective emancipation of farmers. The new political environment will hopefully allow them to learn individually, to organize collectively and become full partners to the administration. However, it is important to adjust the attitude of the administration accordingly (Marlet 2011) . In this regard, after the revolution, the MAWR launched specific studies related to institutional development. For instance, the work undertaken by the Rural Engineering Department on approaches and concepts for sustainability management and operation of water systems can be mentioned (MARH, KFW, GR and IGIP 2013) . Evaluation, validation and implementation of these concepts should be considered after the election planned for late 2014. All efforts undertaken to update the water code, approaches and institutional context are based on the new Tunisian constitution; herein, articles 13 and 44 treat the ways that water should be considered and managed. In 1999, a strategic study on the water sector was initiated and led, among other things, to the identification of an "Investment Project in the Water Sector (PISEAU)" including various actions and sub-projects with funding from several donors. Among these sub-projects, the modernization of public irrigation schemes in the lower Mejerda Valley occupied an important place. This project came within the scope of the policy of support for agricultural production, integrated management of natural resources, the national water-saving (economy and drip irrigation) strategy and the promotion of Irrigation Associations. The study showed that among the sectors investigated, only 30% of allocated water was actually exploited. However, the current water consumption is about 2000 m 3 /ha, on average, a low value compared with water demand standards. This is affecting the yield and consequently the development of water and soil resources of the irrigation areas. In addition, the purchase of water from the study area to the collective network of the study area had experienced a drop from 1984 to 2001, falling from 2000 to 1000 m 3 /ha per year. Such an amount can be explained either by an orientation towards private pumping, done perhaps in a way that optimizes the objectives of the community, thus leading to poor recovery of areas in which the state has invested heavily, or by a difference between the invoiced amount and actually pumped volume (SCET-Tunisie et Hydroplan 2002).
Despite the natural potential and the favourable overall environment, irrigated areas have constraints to their development. In agronomic terms, the problem of growing delicate crops has led to an emphasis on secure crops, such as olives and wheat. In socio-economic terms, a concern has manifested itself vis-à-vis structure operations of community development (such as GDA), following the withdrawal of the state from the management of water distribution. On the perimeters affected by the modernization plan, the average net income of family farms is small and unviable farms exist on 8% of the area. In this area, only 43% of operators have a title enabling them to provide guarantees for support of the banking system (SCETTunisie et Hydroplan 2002). A study conducted on a representative perimeter in terms of scope of water distribution mode, irrigation techniques and adopted cultures showed that the irrigation system designed 50 years ago no longer meets current installed crop needs (Hanafi et al. 2012) . On-site measurements of hydraulic performance indicators in the case of different irrigation techniques have shown that these indicators may be sufficient in the case of irrigation equipment in good condition but can be poor in the case of obsolete equipment (Hanafi and Ben Nouna 2015) .
Participatory water management is complicated by several phenomena. We often think, incorrectly, that the change of water management from a state structure to a local level is a determining factor in its success. This idea is based theoretically on the principle that the local organization, from village or local communities, will necessarily meet their needs and bring together the actors toward a common interest. In fact, at the institutional level, the difficult relationship between the farmers and the GDA makes it difficult to organize operators around common goals. Furthermore, members of the GDA sometimes place their personal interest above the collective interest. Consequently, they lose the confidence of farmers. This dilutes the power of the operators in the participatory management of water and prevents the coordination problems being solved. This management has created inequalities between operators, and has often strengthened the inequality of water distribution, which has led farmers to develop increasingly individualistic strategies for access to water.
Conclusion
As mentioned in the introduction, the outlook for MENA countries looks grim in view of rapid population increase, dwindling available water resources, climate change and pollution problems. However, as noticed by many researchers, scarce water resources do not imply crisis; rather, they signal the need for better and more efficient water management. The turmoil in many MENA countries can lead forward to new political and socio-economic structures that also may embrace a better and more sustainable water management (e.g. Mader et al. 2015) . Since the majority of water supplies are already in use, it is necessary to turn to marginal water use. This means a better exploitation of indigenous traditional techniques. In turn, this calls for a re-vitalizing of the social structure for water management and rainwater harvesting. Wastewater management goes hand in hand with water supply management. Re-using treated wastewater in agriculture returns valuable nutrients to the soil. Treated wastewater can also be used in industrial processes thus contributing to a more efficient overall water management. However, the most important change leading to better water management is improving water efficiency in agricultural irrigation. Due to the huge amount of water necessary for agricultural production in MENA, a few percent of increased efficiency will save large water volumes. Traditional water management techniques have an important role in many MENA countries. Besides bringing more water to a thirsty population, they can also contribute to the societal awareness and the recognition of the great diversity of cultural and social values water has to human civilization and especially to the MENA region. Large-scale hydraulic structures for water management have shown their limits. It is essential to establish other, more effective instruments in order to both preserve the natural resources and ensure social equity in access to water. It is therefore necessary to address different scenarios (or policies) to provide indicators for planners to help them take the appropriate decisions (e.g. Mader et al. 2015) .
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(http://www.iort.gov.tn/WD120AWP/WD120Awp.exe/CONNECT/SITEIORT). Article 13: "Natural wealth belongs to the Tunisian people, the State exercises sovereignty in their name offering investment contracts (on resources) related to the competent Council of People's Deputies and exposure agreements that will be concluded in the Council for approval." Article 44: "The right to water is guaranteed. The water conservation and its rational exploitation are duties of the state and society." 1354 R. BERNDTSSON ET AL.
